Acetyl acetonates of transition metals have found application as latent accelerators of the curing of epoxy resins by phenol-formaldehyde novolac resins. The epoxy novolac polymers that form in their presence possess a whole range of valuable properties, making the use of these compositions promising for the production of film adhesives [1], binders for moulding materials [2] etc.
On the other hand there has been hardly any investigation of the accelerating action of these chelate compounds on the curing of epoxy resins by novolacs. It has been suggested [3] that the accelerating effect of acetyl acetonates of metals on the curing of epoxy resins by hardeners of the acid type, for example by anhydrides of carboxylic acids, can be explained by the formation of coordination compounds between the chelate and the hardener. It is probable that the curing of epoxy-novolac compositions can also take place by a coordination mechanism in the presence of acetonates of transition metals.
To elucidate the nature of the effect of an accelerator on reactions leading to the formation of polymer during curing of epoxy resins by novolacs, EPR spectroscopy was used for investigating the interaction of copper diacetyl acetonate (CDA) with compounds containing the functional groups and certain structural elements of these resins. Phenyl glycidyl ether (PGE), cresyl glycidyl ether (CGE), anisole, phenol and o-cresol were chosen as model compounds. CDA was used in the study because, as well as being an efficient accelerator of curing, this chelate has good solubility in the aforementioned model compounds and it offers the possibility of recording EPR spectra even at the temperature of liquid nitrogen.
CDA -Cu(acac) 2 -was obtained by the method described in [4] , and was purified by recrystallisation from methanol. PGE, CGE, anisole and o-cresol were submitted to vacuum distillation just before the investigations, and phenol was recrystallised from hexane. Chloroform, n-hexanol and isopropanol were dried and purified by the known procedure [5] . The toluene, of analytical grade, was used without additional purification. The constants of these compounds corresponded to those given in the literature. The inert solvent used was a mixture of chloroform and toluene (40:60 by volume), which vitrifies well on rapid cooling; the concentration of phenol, o-cresol and PGE in the solution was 3 mol/l, and the concentration of Cu(acac) 2 was 4·10 -3 mol/l. The EPR spectra of Cu(acac) 2 in vitrified solutions were recorded on a type RE-1366 radiospectrometer. The frequency of the UHF radiation and the magnetic field intensity were measured during recording. The values of the q-factors and the constants of hyperfine interaction A II were calculated by the methods given in [6] .
The main groups that are capable of complexing at the vacant sites of the copper ion, in epoxy-novolac compositions containing CDA, are epoxy groups (EG), phenolic hydroxyl groups (PhHG), ether groups (Ph-O-R) and secondary hydroxyl groups (SHG), which form during interaction of EG with PhHG during curing or are present in the starting, e.g. epoxy diphenylol propane, resin.
The magnetic resonance parameters of CDA in vitrified solutions of the model compounds, determined from the EPR spectra, are shown in Table 1 . The values of the qfactor q II and the constants of hyperfine interaction A II of the CDA complex with o-cresol only differ slightly from the corresponding values for CDA in an inert solvent, although the forms of the high-field lines of the EPR spectra of Cu(acac) 2 in vitrified solution in o-cresol and chloroformtoluene mixture are different. The change in the values of the magnetic resonance parameters of CDA is most pronounced in vitrified solutions in PhGE, CGE and isopropanol, which may indicate that o-cresol has a smaller disturbing action on the upper filled orbitals of Cu 2+ compared with the effect of the other compounds investigated. The greater capacity of the glycidyl ethers and alcohols, compared with the phenols, for interaction with the central ion of the chelate is probably connected with the fact that even in the molecule of undissociated phenol the unshared electron pair of the oxygen atom is capable of delocalisation through interaction with the π-orbitals of the aromatic ring. It should be pointed out that the magnetic resonance parameters of the copper ion in complexes of CDA with the model compounds apparently depend on the steric accessibility of the oxygen atom in the additionally coordinated ligand. Thus, judging from the value of q II , interaction of CDA with n-hexanol and ethanol is practically identical, and is more pronounced than with isopropanol.
Formation of coordination compounds of CDA with the test substances takes place at the fifth, vacant, coordination site of the copper atom, for according to data in the literature [7] axial and planar coordination of two monodentate ligands should lead to an increase or a decrease, respectively, in the values of q II compared with those given in the table. The structure of the complexes is described by the formula Cu(acac) 2 ·L, where L is an electron-donor, oxygen-containing ligand, whereas the analogous structure of the adduct Cu(acac) 2 ·C 2 H 5 OH (Ref. 6 ) is a square pyramid in which a monodentate ligand is axially coordinated with the central atom of the chelate. It should be pointed out that the formation of mono-adducts is basically only characteristic of CDA, whereas for diacetyl acetonates of nickel and cobalt, which are also accelerators of the curing of epoxy-novolac compositions, formation of bis-adducts is more probable.
In the complexing of CDA with o-cresol or isopropanol the central atom can only interact with one type of oxygen-containing group, but in the case of PhGE both the oxygen atom of EG and of the ether group can take part in interaction. However, the similar values of the magnetic resonance parameters of the EPR spectra of CDA in vitrified solution in the inert solvent and anisole (methylphenyl ether) are evidence of the absence of substantial interaction of the central ion of the chelate with the ether oxygen atom of anisole and, consequently, of PhGE. Accordingly, the oxygen atom of EG participates in complexing of glycidyl ethers with CDA.
Insertion of a substituent in the aromatic ring, for example when replacing phenol with o-cresol or PhGE with CGE, is not accompanied by a significant change in magnetic resonance parameters and, probably, in the structure of the complexes that form ( Table 1) .
During curing of epoxy resins with phenolformaldehyde novolacs, each of the functional groups (EG, PhHG, SHG) makes a different contribution to the reactions leading to polymer formation. It is known [8] that reaction between EG and PhHG is the main reaction in the curing of these compositions. Reactions involving SHG most probably take place in the concluding stages of curing, when the concentration of EG and PhHG decreases significantly, whereas that of SHG increases. Therefore complexing of CDA in a system containing EG and PhHG at the same time is of the greatest interest from the standpoint of the effect of acetyl acetonates of transition metals on the reactions of curing of epoxy resins by phenol-formaldehyde novolacs. 
The value of q n and the shape of the lines of the EPR spectra of CDA in vitrified solutions containing PhGE and o-cresol simultaneously show that in this system there is preferential formation of a CDA · PhGE complex rather than a CDA · o-cresol complex. The CDA · PhGE complex forms at any molar ratios PhGE : o-cresol in the range investigated. Low-intensity lines, belonging to the CDA · o-cresol complex (q n = 2.268, = 178·10 -24 cm -1 ), are only observed in the EPR spectra at 1.5-times excess of o-cresol relative to the stoichiometric quantity, whereas the shape of the lines in the high-field part of the spectrum practically corresponds to the form of the spectrum of the CDA · PhGE complex. It should be noted that with equimolar proportions of PhGE and isopropanol there is also preferential complexing of CDA with PhGE. In the conditions investigated, the copper ion in the CDA · PhGE adduct is coordinately saturated and there is no complexing at the sixth, vacant, coordination site of Cu 2+ , although it is known [9] that in this case formation of extraspherical adducts with various proton-donor compounds is possible. In fact, the intermolecular hydrogen bond that forms through interaction of the OH groups of the phenol with the oxygen atom of the chelate ring was detected by 1 H NMR during an investigation of solutions of phenol -containing and not containing diamagnetic tris -cobalt acetyl acetonate, the central ion of which is coordinately saturated.
Summarising the results of investigation of the complexing of chelates with model compounds by EPR and NMR spectroscopy, the structure of the mixed complex [CDA · PhGE] · phenol can be represented in the form with compounds containing EG, as detected on model compounds. At the stage of dissolving the accelerator in the molten resins (below the gel point) and in the initial period of curing (up to 5-7 h at 180°) there is mainly interaction of the chelate with EG.
Thus, the data obtained during investigation of model systems by EPR lead us to believe that during curing of epoxy resins with novolacs in the presence of copper diacetyl acetonate, taking place according to a coordination mechanism, in the initial stages of the process there is formation of an extraspherical coordination compound between the chelate and the epoxy-containing component of the system being cured. In addition, it is also possible for a mixed complex compound to form, in which EG is located inside the inner sphere of the metal complex, and PhHG is located on the outer sphere on account of formation of a hydrogen bond with the oxygen atom of the chelate ring.
